We present catalogs of globular cluster candidates for the 100 galaxies of the Advanced Camera for Surveys Virgo Cluster Survey, a large program to carry out imaging of early-type members of the Virgo Cluster using the Advanced Camera for Surveys (ACS) on the Hubble Space Telescope. We describe the procedure used to select bona fide globular cluster candidates out of the full list of detections based on model-based clustering methods with the use of expected contamination catalogs constructed using blank field observations and which are customized for each galaxy. We also present the catalogs of expected contaminants for each of our target galaxies. For each detected source we measure its position, magnitudes in the F475W (≈ Sloan g) and F850LP (≈ Sloan z) bandpasses, and half-light radii by fitting point-spread function convolved King models to the observed light distribution. These measurements are presented for 20,375 sources, of which 12,763 are likely to be globular clusters. Finally, we detail the calculation of the aperture corrections adopted for the globular cluster photometry.
INTRODUCTION
In the eleventh Hubble Space Telescope (HST) observing cycle, we initiated the Advanced Camera for Surveys (ACS) Virgo Cluster Survey (ACSVCS; Côté et al. 2004 ; hereafter Paper I), a program to acquire F475W (≈ SDSS g) and F850LP (≈ SDSS z) images for 100 early-type members of Virgo using the ACS (Ford et al. 1998 ). Paper I describes the survey itself, including a brief overview of the scientific goals, the selection of the program galaxies and their ensemble properties, the choice of filters, and the field placement and orientation.
One of the primary scientific objectives of the survey is a homogeneous study of the thousands of globular clusters (GCs) belonging to the sample galaxies. A crucial first step in this analysis is the selection of bona fide GCs from all the detected sources in a frame. This method has to be general enough to be applicable to GC systems belonging to galaxies with a wide range in properties, implying a corresponding variety in the properties of their GC systems. In particular, the size of the GC systems in the field of view varies from a few tens of GCs to thousands of them, presenting clear differences in the importance of dealing with contaminating sources such as background galaxies and foreground stars, which will, modulo cosmic scatter, be rather uniform across our sample. Beyond keeping the contamination of the GC samples to a minimum, it is important to be able to assess, for a particular application, the expected amount of the contamination in the sample, and its expected distribution with respect to the variables being probed (e.g., size, magnitude, and color).
The data reduction procedures for the survey have been detailed in Jordán et al. (2004a; hereafter Paper II) . Paper II describes the combination of the science images, the modeling and removal of the galaxy surface brightness distribution and subsequent object detection performed with SExtractor (Bertin & Arnouts 1996) . An initial selection is done on the object catalogs in order to get a first set of GC candidates. These selection criteria, detailed in Section 2.6 of Paper II, are very conservative. The main aim is to remove the glaring contaminants. All the GC candidates from this first selection are subsequently run through a code (KINGPHOT) that fits PSF-convolved King (1966) models to their surface brightness profiles. This code is described in Jordán et al. (2005; Paper X) . The parameters measured for each GC candidate are its magnitude, both in an aperture of 0. 2 and the total model intensity, its celestial coordinates α and δ, its half-light radius r h and concentration c ≡ log(r c /r t ), where r c and r t are the core and tidal radii respectively. The latter is an uncertain quantity even for the brighter objects in our catalogs.
After the initial selection of GC candidates mentioned above there are still residual contaminants, mainly foreground stars and background galaxies. For the brightest galaxies, this contamination is small enough that it is not an issue, but for the faintest members of the sample it can be a significant fraction of No. 1, 2009 THE ACS VIRGO CLUSTER SURVEY. XVI. 55 the overall signal; thus isolating the bona fide GC candidates becomes crucial. Traditionally, selection of GCs is accomplished by restricting in color such as to include only the expected colors of old (τ ≈ 13 Gyr) stellar populations with −2.5 [Fe/H] 0, and in magnitude to exclude faint, poorly measured objects. While these cuts will certainly restrict the amount of contaminants present in the samples, this procedure has some obvious drawbacks. First, unless the boundaries of the selection box are adjusted in some way or additional constraints in galactocentric distance are used, the amount of contaminants present will, in general, increase rapidly as we go from the brightest to fainter galaxies. Second, in this scheme there is no way to assess the likelihood of a given source to be a contaminant or a bona fide GC, nor in general is it easy to quantify how contamination will affect the inferred distribution functions of GC parameters.
In this work, we describe a GC selection method, which addresses the points discussed above. The method uses, in addition to a broad color cut, the measured half-light radius r h , which proves very useful in discriminating between GCs and contaminants given the distance to our targets and the characteristics of the telescope/detector combination used. We also discuss the aperture corrections adopted for the photometry and present catalogs of GC candidates for the 100 galaxies in the ACSVCS in machine readable tables available for download from the electronic edition of the Astrophysical Journal. Previous papers in this series have discussed the connection between GCs and low-mass X-ray binaries (Jordán et al. 2004b; Sivakoff et al. 2007 ), the measurement and calibration of surface brightness fluctuations magnitudes and distances (Mei et al. 2005ab, 2007 , the morphology, isophotal parameters and surface brightness profiles for early-type galaxies (Ferrarese et al. 2006a) , the connection between GCs and ultracompact dwarf galaxies (Haşegan et al. 2005) , the nuclei of early-type galaxies (Côté et al. 2006) , the color distribution of GCs (Peng et al. 2006a) , the half-light radii of GCs and their use as a distance indicator (Jordán et al. 2005) , diffuse star clusters in early-type galaxies (Peng et al. 2006b ), the connection between supermassive black holes and central stellar nuclei in early-type galaxies (Ferrarese et al. 2006b) , and the luminosity function, color-magnitude relations, and formation efficiencies of GCs in early-type galaxies (Jordán et al. , 2007 Mieske et al. 2006a; Peng et al. 2008) . The GC selection method and the procedure to determine the aperture corrections described in this work have also been applied to the ACS Fornax Cluster Survey (Jordán et al. 2007b; Côté et al. 2007 ).
GC SELECTION METHOD
For each GC candidate we measure its celestial coordinates α (right ascension) and δ (declination), model magnitudes in the F475W and F850LP filters, and King model parameter estimates, half-light radii r h and concentrations c, in each of those bands. Note that henceforth, we will use g 475 as shorthand to refer to the F475W filter, and z 850 denotes F850LP. Additionally, r h will be taken to be the straight average of the g 475 -and z 850 -band measurements, i.e. r h ≡ 0.5 r h,z 850 + r h,g 475 .
In Figure 1 we show a plot of z 850 versus r h for all GC candidates from the 100 galaxies in the survey after the first rough selection of Paper II. The points on this figure are culled in color by requiring 0.5 < (g 475 − z 850 ) < 1.9, a generous color cut that includes metallicities in the range −2.25 < [Fe/H] < +0.56 for all simple stellar populations Figure 1 . Distribution in the r h -z 850 plane of all GC candidates with r h < 10 pc in the ACSVCS after the first rough selection described in Section 2.6 of Paper II. Three clusters of data points can be clearly identified: (1) a group of unresolved sources with r h ≈ 0, which correspond mainly to foreground stars; (2) a diagonal swath of points with faint magnitudes and large sizes, which correspond mainly to background galaxies; and (3) a group at z 850 ∼ 20-25 and r h ∼ 3 pc, which correspond mainly to bona fide GCs.
with ages between 2 and 13 Gyr (Bruzual & Charlot 2003) , assuming either a Chabrier (2003) or Salpeter (1955) initial mass function. We also cull in r h by requiring r h < 10 pc, a cut that is also very inclusive for typical GCs (see Jordán et al. 2005) . Note that although we will quote values of r h in pc throughout this work for convenience, we are really always working with angular measurements. For the purposes of this work, angular measurements are transformed to pc adopting a distance of 16 Mpc. 12 The conversion factor from pc to arcsec is then 78 pc arcsec −1 . While in principle we could use the measured surface brightness fluctuations distances from our our survey (Mei et al. 2007 ) to convert angular to physical distances for each galaxy individually (as we have done in many of the survey papers), we have chosen not to do so for GC classification. The reason is that one of our scientific objectives is to test some characteristics of the GC systems (e.g., the GC luminosity function) as distance indicators and thus we decided it was best not to use any distance information in the selection of GC candidates to avoid possible biases in our results.
Three distinct groupings of data points can clearly be distinguished in Figure 1 . At r h ∼ 0 there is a vertical clustering of points which corresponds to unresolved sources, i.e., sources that are most likely foreground stars. At r h ∼ 3 pc and z 850 ∼ 20-25 mag there is a second group of points which corresponds to the GC population of the Virgo galaxies. Lastly, there is a diagonal swath of points which corresponds to faint, background galaxies. The diagonal shape of the faint end envelope of this group is due to a completeness effect in surface brightness, as at a given magnitude more extended sources are less likely to be detected. Figure 1 clearly shows the usefulness of having size information in order to separate GCs from background galaxies and foreground stars, as the different types of objects separate into three distinct groupings. We note that, in this context, the 12 In Mei et al. (2005a Mei et al. ( , 2007 we adopt a mean distance of 16.5 Mpc to Virgo. The work presented here was performed before we adopted this value, but it is well within its systematic uncertainties. The effect in the classification of sources of adopting 16.5 Mpc instead of 16 would be in any case very small. Vol. 180 use of z 850 -band magnitudes is preferred to that of g 475 band due to the fact that background galaxies are in general bluer than typical GCs, and thus they are fainter with respect to GCs in z 850 than in g 475 .
It is evident from Figure 1 that the unresolved sources can easily be eliminated by requiring r h > 0.75 pc, which we adopt as the minimum angular size to be considered a bona fide GC. This is close to the angular limit down to which we can reliably measure r h for GCs (Jordán et al. 2005) . This cut leaves the task of separating the GCs from the background galaxies. For this, we use the clustering method described below.
Clustering Method
After removing the data cluster corresponding to unresolved sources, the data are a mixture of points drawn mainly from two populations, namely the GCs and a population comprised mostly of background galaxies, which we will henceforth term "contaminants." Thus, their joint distribution can be modeled using a mixture model (see below) with two components, in which the total observed distribution in the r h -z 850 plane is the result of summing these two components weighted by their respective sizes. In what follows we briefly outline some formalism regarding mixture models in general and the specialization to our problem in particular. The discussion that follows draws on Fraley & Raftery (2002) , to which the reader is directed for more details.
In general, we can model a random variable Y as a mixture of N components
. . .
where (z 1 , . . . , z N ) ∈ {0, 1} indicate the component membership of Y (z i = 1, for only one i), and d k and θ k are the probability densities and parameters of the kth component, respectively. The z i are assumed to be distributed as a multinomial of one draw from the N components with P r(z 1 = 1) = f 1 , . . . , P r(z N = 1) = f N , where f k is the probability that a given observation of Y belongs to the kth component (f k > 0 and k f k = 1). In order to estimate the parameters of a mixture model (θ 1 , . . . , θ N , f 1 , . . . , f N ) via maximum likelihood, the expectation-maximization (EM) algorithm is employed (Dempster et al. 1977; McLachlan & Krishnan 1997) . This algorithm, which alternates between two steps, an "E" (expectation) and an "M" (maximization) step, is a general approach to maximum likelihood maximization in which the data consist of n observations x i that arise from ( y i , z i ), in which the y i are observed and the z i are not observed. In our case, none of our observables tell us directly to which of the groups a given data point belongs, but in our statistical description there will be two groups, and a given data point will belong to one of them. Thus, we have that z ik = 1 if y i belongs to group k, and 0 otherwise.
Having an indicator variable that gives information on group membership is necessary in order to estimate the parameters θ k of a given component. Take for instance the simple example of estimating the mean for a multivariate normal: it is clear that in calculating the mean for group k, only data points belonging to that group have to be considered, i.e.
Under quite general conditions, which are satisfied in our case, the observed data likelihood
the maximum likelihood estimate of θ based on the observed data maximizes L O . For a sample of n independent multivariate observations y 1 , . . . , y n the observed likelihood of a mixture model with N components is
The corresponding log likelihood of the complete data is
This log likelihood is the one maximized by the EM algorithm, which can be shown to converge to local maximum of the observed data likelihood under mild regularity conditions. The E, or expectation step, is given by the assignment
where a hat indicates as usual in statistical work an estimate of a parameter.ẑ ik is the conditional expectation value of z ik , i.e. an estimate given all other parameters of the group membership of y i . The M, or maximization, step corresponds to maximizing the expression given in Equation (2) over f k and θ k with the z ik fixed at the valuesẑ ik obtained in the E step. The E and M steps are then iterated until the parameters have converged. The value ofẑ ik at a maximum of Equation (1) is the estimated probability that observation i belongs to group k. This quantity can then be used to classify a given observation y into its most likely group. It is a common practice to choose the d k to be multivariate normals φ k with mean μ k and covariance matrix Σ k . Explicitly,
That a description using two multivariate normal components would be rather reasonable in our case can be seen in Figure 2 where a two-dimensional kernel density estimate of the sample with the unresolved sources already removed is shown.
Specialization to GC Classification in the ACSVCS
For our problem we have two components, i.e. k = 1, 2, with the first component being the GCs and the second the contaminants. Given models for the distributions d 1 and d 2 for each component, we can characterize them by the set of parameters θ k = ( μ k , s k ), k = 1, 2, where μ k = μ r h ,k , μ z 850 ,k are location (mean) parameters characterizing the distribution in the r h -z 850 plane and s k are any set of shape parameters characterizing the distributions. Contour plot of a two-dimensional kernel density estimate of the distribution of points in the r h -z 850 plane after removal of the unresolved sources. Two distinct components can be seen whose shapes suggest that using a multivariate normal mixture model can provide a meaningful representation of the total distribution.
We will assume that the shape parameters s k of the GC distribution are universal, i.e. we assume the rough shape of the clusters of GC points in the r h -z 850 plane is independent of the galaxy. This is a reasonable assumption, and a necessary one as well, as the faint galaxies do not have in general enough signal in the data cluster corresponding to GCs in order to reliably determine the form of its joint r h and z 850 distribution.
While the shape of the distributions will be kept constant, it might be useful to let some components of μ k depend on the particular galaxy under study. First, the mean magnitude of GCs will obviously depend on the distance and on the typical mass and metallicity of the GCs. Also, we cannot assume that the mean GC r h will be the same in all galaxies (indeed they are not; see Jordán et al. 2005 ). In the case of the contamination group, the mean magnitude and size may vary because of the varying levels of the galaxy surface brightness: the contamination group in a dwarf galaxy should have a fainter mean z 850 due to the decreased mean surface brightness in the frame (Ferrarese et al. 2006a ). In practice, we found that letting μ z 850 ,1 to be a free parameter leads to unsatisfactory solutions in some cases, and we therefore chose to fix it at μ z 850 ,1 = 22.7 mag for all galaxies, but left μ r h ,1 to be a free parameter. When letting μ z 850 ,1 be free, the dispersion around the assumed value of 22.7 mag was significantly smaller than the assumed dispersion σ = 1.3 mag of the magnitude distribution of GCs (see below), and therefore the net effect on the final GC classification is small.
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While modeling the two clusters with multivariate normals might provide a good first approximation as suggested by Figure 2 , there is the concern that the steep decline of a multivariate Gaussian in the r h direction might result in the incorrect classification of points at large r h as contamination. Indeed, the dis-13 0.5% of the sources would switch classification when performing the classification by letting μ z 850 ,1 free instead of being fixed.
tribution of r h for the Milky Way shows an extended tail toward large r h (see e.g., Jordán et al. 2005) .
Instead of relying on multivariate normals to describe the GC distribution, we can instead make use of important prior information. It is well known that the luminosity function of GCs is rather universal, being reasonably well approximated by a Gaussian with σ ∼ 1.3 mag (Harris 2001).
14 Additionally, it is known that the half-mass radii of GCs are uncorrelated with their luminosity for M 2×10 6 M , a mass limit which includes the great majority of GCs (McLaughlin 2000; Jordán et al. 2005) . 15 Therefore, magnitude and r h can be taken as independent, and the joint distribution can be taken as the product of a magnitude distribution and an r h distribution. Given these points, we have adopted the following model for the distribution function of the GCs, d GC ,
where g gc is the distribution function of r h and σ = 1.3 mag. In order to model g gc we determine it empirically from our data by taking all GC candidates in M87 (VCC 1316) and M49 (VCC 1226) satisfying z 850 < 23 mag. This sample is composed almost exclusively of GCs, contamination being almost negligible for these two galaxies. Using this sample, we determined a nonparametric form for g gc using a normal kernel density estimate (Silverman 1986 ). Even though the combined GC candidate sample of these two giant galaxies has negligible contamination as a whole, for r h 6 pc contamination is potentially an issue. Thus, we used the nonparametric density estimate for r h < 6 pc only. For larger r h , we extended the distribution with a power-law of the form r −p h , the parameter p determined by fitting to the observed distribution of half-light radii with 4 < r h < 6 pc. The final g rh we used is shown in Figure 3 . The form of this distribution and the power law behavior for large GCs (r h > 4 pc) is consistent with the parametric form presented by Jordán et al. (2005) for the size distribution of GCs. The tail of this distribution is important to classify correctly extended sources in our procedure.
For the contaminants, we model their distributions using customized control fields. The pipeline described in Paper II was run on a series of control fields, which are listed in Table 1 of Peng et al. (2006a; Paper IX) . The source-detection algorithm was run in these 17 fields using the weight maps W ij constructed for each of the survey galaxies in turn. The weight maps, whose construction is detailed in Paper II, encode the detection thresholds of each galaxy and therefore we obtain for each of the galaxies a catalog of contaminants that we would have observed had the galaxy been present in the control fields. In this sense, we are able to customize the control fields for each of our galaxies. Using the catalog of expected contaminants for each galaxy, we build a two-dimensional kernel density estimate d cont to represent the joint distribution function of the contaminants. This distribution has no free parameters and is thus kept fixed during the source classification process for each galaxy. . Adopted probability density function g gc of the GC half-light radii. This distribution was constructed using a kernel density estimate for GC candidates from VCC 1226 (M49) and VCC 1316 (M87) for r h < 6 pc. Above that angular radius we extended the distribution with a power-law r −p h whose index p = −5 was determined by fitting to the kernel density estimate of the distribution in the range 4 < r h < 6 pc. The form of g gc is consistent with the parametric form presented for this distribution in Jordán et al. (2005) .
With the form of the density functions for each galaxy in hand, we need to estimate the parameters of the mixture model. The procedure we adopted is the following. First, the whole GC candidate sample of all galaxies (minus the "stars") is used to determine a mixture model of the form of Equation (1) using multivariate normals and two groups (GCs and contaminants). This model is constructed in order to then provide a twocomponent, zero-order, mixture model that will be used to provide (given the z 850 -r h data points of any given galaxy) initial values for the unobserved group indicator variables z ik . In order to estimate the means μ k , k = 1, 2 and covariance matrices Σ k , k = 1, 2 we separated the data points into two groups using a hierarchical model-based clustering method (Fraley 1998) . The means of the multivariate mixture model thus obtained are μ 1 = (2.47, 22.93) and μ 2 = (5.27, 24.66), where 1 denotes the GC group and 2 the contaminants. The covariance matrices are given by 
The resulting separation into two groups predicted by the multivariate mixture model applied to the whole sample is shown in Figure 4 . At this point we have a multivariate mixture model of the form given in Equation (1) in hand that given a set of points in the size-magnitude plane will classify them into either group according to the estimates of z ik given by Equation (3). For each galaxy we use this model to provide estimates for the z ik that in turn provide the initial conditions for the M step in the EM algorithm that is used to estimate the parameters of the final mixture model for that galaxy (using the distributions d GC and d cont ). In other words, the multivariate Gaussian model estimated using the whole sample is used to provide the initial conditions that are needed in order to maximize the likelihood given by (see Equation (2)) 
Figure 4. Distribution in the r h -z 850 plane of all GC candidates with r h < 10 pc in the VCS after the first rough selection described in Section 2.6 of Paper II, and with unresolved sources (r h < 0.75 pc) removed. Using a multivariate normal mixture model the sample is divided into two groups: GCs (red points) and "contaminants" (blue points; mainly background galaxies). This is used to define the initial mixture model for each galaxy.
and thus obtain estimates for f GC , f cont , μ r h ,GC using the EM algorithm. Note again that d cont has no free parameters and that p i,cont ≡ (1 − p i,GC ). The estimates we obtain for these parameters are listed in Table 1 for each of our program galaxies. After the parameters μ r h ,GC , μ cont , f GC , and f cont have been estimated we assign for each point y = (r h , z 850 ) in that galaxy's sample the probability of it being a GC given by (see Equation (3))
and, given that there are just two components, the corresponding probability p cont of it being a contaminant is given simply by p cont = 1 − p GC . A final step in the classification is that p GC ≡ 1 is assigned to all sources satisfying z < 23 mag and 1.5 pc < r h < 4 pc, as we want to consider these sources to be bona fide GC candidates regardless of the exact value of p GC returned by the algorithm (we note that of the 6475 sources satisfying these conditions only five originally have p GC < 0.5). Due to the high level of contamination of faint extended objects we also set p GC = 0 for z 850 > 25.15 mag, g 475 > 26.35, and r h > 10 pc. Sources fainter than that magnitude limit are almost certainly contamination, and in any case contain little useful information due to the large errors in their measured quantities, while sources more extended than the size limit are hard to select against the majority of background galaxies with those angular sizes (see Figure 5) .
What are the advantages of this method over just defining fixed boundaries in the r h -z 850 plane? By estimating f GC . Size magnitude diagrams for four representative galaxies of the ACSVCS. Using the maximum-likelihood estimates of the parameters of a mixture model as described in the text we assign a probability p GC for each source that it is a GC. Objects are color coded according to this probability. On the left are the objects in our program fields, and on the right are the objects in the custom control fields for that galaxy, scaled to a single field. Note how the customization of the control fields for each galaxy is able to reproduce the different shapes of the contamination component due to the varying levels of mean underlying surface brightness.
and f cont for each galaxy, we naturally include the fact of varying ratios of contamination to GC candidates. In addition, by letting the μ r h ,GC be determined for each galaxy we naturally account for variations in the mean r h as well. Also, we have a quantitative measure of how likely a certain data point is to be a GC (under the assumed model) and this knowledge can be included in statistical estimators applied to the GC sample. In order to illustrate the performance of the method we show the results for four galaxies that span the magnitude range of our sample: VCC 1226 (= M49), VCC 1422, VCC 2048 and VCC 1661. In terms of apparent blue luminosity, these are the 1st, 50th, 51th and 100th ranked galaxies in the ACSVCS sample, respectively. In Figure 5 we show the resulting classification in the r h -z 850 plane for these galaxies along with the same classification applied to our custom control fields (scaled to a single field). In Figure 6 , we show the resulting GC luminosity functions and color distributions when restricting the objects to those having p GC 0.5. In the samples thus selected it will still be necessary to take into account the residual contamination that is classified as bona fide GCs (i.e., the false positives), but it should be clear from these figures that this contamination has been greatly reduced by our selection using a process that naturally takes into account the richness of the GC system of each galaxy. Figure 6 . GC luminosity functions (left panels) and color distributions (right panels) for all GC candidates satisfying p GC 0.5 in galaxies spanning the luminosity range of our sample. The galaxy names are indicated in the left panels, where we also indicate the total number of objects N and the binwidth h used to construct the histograms.
While the selection method effectively isolates the desired GC data cluster, studies that aim to study the shape of the GC distributions in either size or magnitude need to test their conclusions against any subtle biases that the selection of GCs might have imposed on them via the choice of the form of d GC . This can be easily done by considering the robustness of results when selecting alternate GC samples of GCs that do not rely on p GC , as we have done when studying the luminosity function of GCs (Jordán et al. , 2007a .
GC PHOTOMETRY: APERTURE CORRECTIONS
The photometric zeropoints and foreground reddening corrections that we adopted are detailed in Sections 2.6 and 2.7 of Jordán et al. (2004a) . A challenging aspect of obtaining accurate photometry of marginally resolved objects, such as GCs at the distance of the Virgo cluster, is that their aperture corrections depend on their intrinsic size and luminosity profile, which are not known a priori for each source. The usual practice in previous photometric work on GCs with HST has been to adopt an average correction obtained from bright, high signal-to-noise ratio GC candidates or, alternatively, from simulated King models with r h ≈ 3 pc and assumed fixed concentration. In the ACSVCS, we provide two measurements of the magnitude per filter for each GC candidate. The first measurement is of the total magnitude using the best-fit King (1966) model, a method which takes into account the proper aperture correction for each individual object. We refer to these magnitudes as "model magnitudes." The second measurement is of the best-fit aperture magnitude within a 4 pixel (= 0. 2) radius, with an aperture correction appropriate for an average GC (r h = 3 pc, c = 1.5). We refer to these as "average correction aperture magnitudes." The former method is best for obtaining an unbiased total GC flux. The latter method is useful because it relies only minimally on the King model fitting process, and thus may be better for studies concerned with the colors of faint GCs. We outline both methods below, and discuss the differences in their use.
Model Magnitudes: Total Magnitudes from King Model Fits
We obtain model magnitudes using the best-fit King model for each GC candidate in conjunction with the appropriate, sizedependent aperture corrections. As described in the Appendix of Jordán et al. (2005) , the fitted King models are convolved with the appropriate point-spread function (PSF). These PSFs are constructed in the manner outlined by Jordán et al. (2004a, Section 2.6) , and extend to a radius r = 0. 5. We fit the observed light distributions of GC candidates within a fitting radius r fit (see the Appendix of Jordán et al. 2005) , which means that in a strict sense, the PSF-convolved model matches the amount of light within that radius, with the rest (out to r = 0. 5) added as prescribed by the PSF-convolved model. These magnitudes already take into account the size (r h ) of each object. However, aperture corrections are still needed for the following reasons. First, the magnitudes require the aperture correction of the PSF from r = 0. 5 to infinity. Second, the PSF we have used in the fitting will have some differences from the one used to define the aperture corrections in Sirianni et al. (2005) , which we assume to be a representation of the "true" mean PSF.
To obtain the aperture corrections arising from these effects, we adopted the following procedure. We constructed a set of King models of various r h and convolved them with the PSF P( x) that is used for fitting the GC candidates in each of the z 850 and g 475 bands. Then, we convolved the same set of models with a PSF S( x) that was constructed up to a radius of 3 using stars in the outskirts of 47 Tucanae (as used in Mei et al. 2005) . Aperture corrections derived from these PSFs (S) are consistent with those derived by the PSFs used in Sirianni et al. (2005) . Given a fitting radius r fit , the aperture correction A appropriate for a GC candidate of half-light radius r h and concentration c described by a King model k( x | r h , c) is given by A(r h , c, r fit ) = −2.5 log 10
where ⊗ denotes convolution. All King models k and PSFs
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Figure 7. Aperture corrections to produce model magnitudes, calculated according to Equation (9) for a fitting radius of 4 pixels as a function of the object's half-light radius r h . The solid line shows the corrections for the z 850 band while the dashed line shows the correction for the g 475 band.
(P, S) are normalized to have a total flux of unity. Thus, the numerator within the logarithm in Equation (9) is the fraction of the PSF(P)-convolved model flux that is within the fitting radius. Correspondingly, the denominator is the fraction of the PSF(S)-convolved model flux that is within the fitting radius. The ratio of the two represents the aperture correction necessary to transform the fitted magnitude to a total model magnitude.
Remember that the fitted magnitude that we are correcting assumes the PSF, P, and already incorporates the numerator term. We define aperture corrections as values to be subtracted from the fitted magnitude. In order to apply this correction for our GC candidates we assumed a fixed concentration c = 1.5 for all GCs, and then computed A for r h = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 50, 100 pc and r fit = 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 pixel and interpolated from these values to apply an aperture correction for any given cluster with best-fit r h fitted using a radius r fit .
The resulting aperture corrections for both bands are illustrated in Figure 7 . There is a very mild dependence on the aperture correction on the measured r h for GCs (which are all required to have r h < 10 pc), but there is some change of the order of a few hundredths of a magnitude for very extended objects. Thus, our aperture corrections are essentially equivalent to having applied an average correction for all clusters. Note that the latter is true only because the fitted magnitudes include the amount of light outside the fitting radius (within r < 0. 5) as given by the best fit PSF-convolved King model. It would not be true if an average aperture correction is applied to a simple aperture magnitude, as has usually been done in previous photometric measurements of GC systems at the distance of Virgo. In that case, the aperture correction would get systematically larger as r h increases. We note that, as expected, at r h ∼ 0 the aperture corrections are similar to those expected for point sources from 0. 5 to infinity (Sirianni et al. 2005) . We note also that assuming a fixed c when deriving our aperture corrections is not a strong assumption: for r h < 10 pc, aperture corrections vary by less than 0.005 mag when varying c between 1 and 2.
Average Correction Aperture Magnitudes
In addition to measuring total magnitudes based on the bestfit PSF convolved King models, we also measured the bestfit amount of light in a 4 pixel (= 0. 2) aperture radius, and then applied an aperture correction appropriate for an average object. We note that the light measured within the aperture is measured on the best-fit King model rather than the data. This method has the advantage of dealing naturally with bad pixels and subpixel shifts that can affect aperture magnitudes measured directly from the data. The normalization of the model (i.e., the total flux within the fitting radius) is the most robustly fitted quantity even for our faintest objects, and because the 4 pixel aperture is almost always equal in size to the fitting radius (sometimes smaller), the aperture flux measured on the model is very reliable. These magnitudes are best used for studying the colors of faint GCs, as they provide a color measurement that relies only weakly on the fitting process, and thus can have smaller photometric errors compared to colors derived from model magnitudes.
To estimate the total magnitudes from these aperture magnitudes, we calculate the aperture correction for a King model with r h = 3 pc and c = 1.5, which is the quantity A ap given by
The values obtained for A ap are then 0.237 mag for the g 475 band and 0.347 mag for the z 850 band. Assuming c = 1 or c = 2 would only make a minimal difference (< 0.005 mag). We note that model magnitudes and average corrected aperture magnitudes are consistent in the average as expected.
Further Notes on Aperture Corrections
As we have discussed, photometry of marginally resolved sources whose individual sizes are not known a priori is a challenge for HST studies of GCs at the distance of the Virgo Cluster. In principle, standard aperture photometry, where one measures the flux in a given aperture and applies the same aperture correction for all objects, is subject to biases such that the total fluxes of extended objects are underestimated. We emphasize that our model magnitudes fully account for this effect, by fitting for the size of each individual object, and applying the proper aperture corrections out to a radius of 3 using a suite of PSF-convolved King models. Studies concerned with the magnitudes or colors of sources that are large (r h 3 pc), and where size-dependent biases may be important, should use model magnitudes. For example, Mieske et al. (2006a) , the ACSVCS study of the color-magnitude relations in GC systems, solely used model magnitudes to avoid any size-dependent biases on the magnitudes or colors.
Our average corrected aperture magnitudes, however, are more similar to previous work, where the flux is measured in a single aperture and an average aperture correction is applied. This presents the possibility that if GCs have sizes significantly different from r h = 3 pc, the size at which we calculate our fiducial correction, then their magnitudes and colors could be systematically in error. The left panel in Figure 8 shows the aperture corrections in both filters to a 4 pixel aperture for King models with a range of sizes. This plot illustrates how GCs with sizes substantially larger than 3 pc can have significantly underestimated fluxes as measured by average corrected aperture magnitudes (∼1 mag for r h = 20 pc). This is Figure 8 . Left: aperture correction that would be required if measuring the flux in an aperture of 4 pixels for PSF-convolved King models of different r h and c = 1.5. Our model magnitudes already take into account the light outside the fitting radius and as a consequence they require an aperture correction that varies very mildly with r h (see Figure 7) . Right: required aperture corrections for the g-z color when calculating the color from magnitudes measured in a 4 pixel aperture, as a function of the object's half-light radius r h . Even though the individual magnitudes have aperture corrections that depend strongly on the object's size, aperture-based colors show variations at the < 0.01 mag level only.
why in all our ACSVCS studies, we always use model magnitudes for measures of total flux. The bias in color is the difference of the two curves in the left panel of Figure 8 , and we show this in the right panel of Figure 8 . Unlike the bias in the total magnitude, however, the bias in using average corrected aperture colors is quite small. Over the range of sizes, 1 < r h < 30 pc, the g-z aperture correction deviates by only +0.004 −0.014 from the r h = 3 pc fiducial. This shows that average corrected aperture colors can be considered essentially unbiased for the typical range of GC sizes, and they have the added advantage of smaller photometric errors for faint sources as compared to colors from model magnitudes.
When we further examine the effects of GC size on the g-z aperture correction, we can see that at small sizes, the aperture correction to the color gets redder with increasing GC size due to the different sizes of the PSFs in F475W and F850LP. However, once GCs are larger than r h ∼ 10 pc, the color correction becomes bluer. This can be understood because at that point, we enter the regime where the size difference between the PSFs in the two filters is small compared to the size of the GC (10 pc ∼ 0. 125 at Virgo). Therefore, GCs with increasingly larger sizes will not produce increasingly redder corrections. However, for studies where the objects of interest have sizes r h > 10 pc, we recommend the use of model magnitudes and colors only.
Recently, there has been a claim that aperture magnitude biases as described above can masquerade as astronomical effects (Kundu et al. 2008) . In particular, the claim is that trends in the mean colors of metal-poor GCs in the color-magnitude diagram can be explained by a correlation between GC size and luminosity. This cannot be true because our study of the colormagnitude relation of metal-poor GCs (Mieske et al. 2006a) uses model magnitudes and colors, which fully account for size-dependent aperture corrections. Moreover, as we have just shown, even if using average corrected magnitudes, the color biases for the average correction aperture colors would be much too small to account for the color-magnitude relation seen in GC systems.
COMPLETENESS
For many studies, it is important to know the level of completeness for a GC with a given set of properties. Unlike for point sources in blank fields where object magnitude is the primary parameter driving the detection probability, the ACSVCS data present more parameters than can affect completeness, namely the GC size (i.e., surface brightness), and the brightness of the background from the integrated light of the host galaxy. For a given magnitude, a GC with a larger size will be more difficult to detect, as will a GC projected onto the bright central regions of the host galaxy. We have run an extensive set of simulations to quantify the completeness of GCs as a function of their size (r h ), the background surface brightness (μ b ), and their total magnitude (m).
We created a suite of simulated GCs based on King models with c = 1.5 and sizes of r h = 1, 3, 6, and10 pc. These simulated GCs were scaled to a random magnitude with 21 < z < 27 mag and color g-z = 1.1. They were then inserted at semirandom positions in actual ACSVCS images for the galaxies VCC 1226 and 1833, the former being the brightest galaxy in the sample, and the latter being a dwarf galaxy with one of the lowest sky backgrounds. This allowed us to sample the full range of background surface brightnesses in the survey. Pixel fluxes for simulated GCs were given the appropriate random Poisson noise, and GC centering was randomly shifted by fractions of a pixel (as small as 1/60 of a pixel). The positions at which they were placed in both the F475W and F850LP images were random, but they were limited to regions that were at least 3. 5 from a real object, and at least 2 from the edge of the image. This was because our goal was to measure detection efficiency as a function of (m, r h , μ b ) and not due to crowding or deblending, which does not present a problem for real objects.
The images with simulated GCs were then analyzed using the exact same pipeline as was used to produce the GC catalog. In total, we simulated 4,993,501 fake GCs across the full range magnitude, size, and background surface brightness. For each of these GCs, we know whether or not they are detected, and we build completeness curves from this database. For each of the four sizes, and for each filter, we present the detection probability of a GC in 10 bins of background surface brightness roughly equally spaced in log(flux), and in 0.1 mag steps in magnitude for 21 < z < 27 mag. These completeness curves are presented in Table 2 for the g band and Table 3 for the z band. For each of the r h values simulated (indicated in the first column) we tabulate the completeness curves as a function of magnitude (indicated in the second column) and the 10 different background values (Columns 3-12, background values are specified in the header of these columns).
CATALOGS

Full Source Catalogs
In Table 4 we present our full catalog of sources satisfying the rough selection criteria presented in Section 2.6 of 
Notes.
Key to columns: (1) Galaxy VCC number; (2) and (3) J2000 right ascension (α) and Declination (δ) in decimal degrees; (4) Galactocentric distance in arcseconds; (5) z 850 -band model magnitude obtained from the best-fits PSF convolved King model and an aperture correction as per Equation (9); (6) z 850 -band average correction aperture magnitude inferred from a 0. 2 aperture and an aperture correction as per Equation (10); (7) Same as (5) but for the g 475 band; (8) Same as (6) but for the g 475 band; (9) and (10) Best-fit half-light radii measured in the z 850 and g 475 bands, respectively; (11) Probability that the source is a GC according to the maximum likelihood estimate of our assumed mixture model (see Section 7); (12) Foreground E(B − V ) assumed for this source. The corrections for foreground reddening were taken to be A g = 3.634E(B − V ) and A z = 1.485E(B − V ) in the g and z bands, respectively (see Jordán et al. 2004 ); (13) Background in the z 850 band (counts/s); (14) Background in the g 475 band (counts/s). a Table 4 present the structural and photometrical catalog of all ACSVCS sourcs that satisfy the selection criteria presented in Section 2.6 in Jordán et al. 2004a (Paper II) . To select a sample of bona fide GCs the sources should be restricted to those having p GC 0.5.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.) 
Key to columns: (1) Galaxy VCC number; (2) Galactocentric distance in arcseconds; (3) z 850 -band model magnitude obtained from the best-fits PSF-convolved King model and an aperture correction as per Equation (9); (4) z 850 -band average correction aperture magnitude inferred from a 0. 2 aperture and an aperture correction as per Equation (10); (5) Same as (3) but for the g 475 band; (6) Same as (4) but for the g 475 band; (7) and (8) Best-fit half-light radii measured in the z 850 and g 475 bands, respectively; (9) Probability that the source is a GC according to the maximum likelihood estimate of our assumed mixture model (Section 7). a This table presents the expected contaminants in 17 control fields customized to each galaxy. It can be used to infer 17 times the expected contamination in any given GC sample.
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.)
Paper II for all galaxies in the ACSVCS. The first column is the galaxy ID in the Virgo Cluster Catalogue (VCC; Binggeli et al. 1985 ; see Table 1 in Côté et al. 2004 for NGC and Messier equivalents). Columns 2 and 3 give the right ascension α (J2000) and declination δ (J2000) of each source and Column 4 gives the projected distance to the center of the host galaxy in arcseconds. Columns 5 and 6 give the total King model magnitude and the total magnitude inferred from a 0. 2 aperture for the z 850 band. These magnitudes have been dereddened as described in Section 2.7 in Paper II and have had aperture corrections applied as described in Section 3. Columns 7 and 8 give the corresponding quantities for the g 475 band. Columns 9 and 10 give the best-fit half-light radii of the PSF-convolved King (1966) models in arcseconds for the z 850 and g 475 bands, respectively. The uncertainties do not include systematic uncertainties arising from the PSF modeling which can be estimated to be of order ≈ 0. 005 (see Jordán et al. 2005) . In order to convert the half-light radii to physical units, the SBF distances to our galaxies presented in Mei et al. (2007) can be used. Column 11 gives the value of p GC for each source. Column 12 gives the adopted value of E(B − V ) which is taken from the DIRBE maps of Schlegel et al. (1998) . Finally, Columns 13 and 14 give the galaxy plus "sky" background in counts/s present under each source in the g 475 and z 850 bands, respectively. These quantities are necessary to estimate the expected completeness using the data presented in Tables 2 and  3 . We note that while formally we obtain the best-fit concentrations, we do not provide them here given that they are rather uncertain even for the most luminous GC candidates. In any case, these quantities were used only for one galaxy (M87) in the work presented in Jordán et al. (2004) regarding the connection between low-mass X-ray binaries and GCs, and, as discussed in Sivakoff et al. (2007) , the results of that work do not depend on the use of concentrations. 16 We stress that to select a catalog of bona fide GC candidates from the full source list presented in Table 4 , the sample needs to be restricted to sources satisfying p GC 0.5. We include sources with p GC < 0.5 in Table 4 in order to allow the construction of GC samples using different criteria than those we have adopted in the ACSVCS. We caution though that parameters in Table 4 that are obtained by fitting PSF-convolved King (1966) models should be viewed only as rough indications for sources with p GC 0.5, as those sources are not expected to be well represented by King models in general given that they are most likely background galaxies.
Control Field Catalogs
In Table 5 , we present our full catalog of contaminants satisfying the same selection criteria as the sources in Table 4 for all galaxies in the ACSVCS. These catalogs are obtained from 17 control fields that have been customized for each galaxy as described in Section 2.1.1. These catalogs therefore give 17 times the amount of contamination expected in the field of each target galaxy. These catalogs are useful in assessing the effects of the residual contamination for any study performed using the GC catalogs constructed from Table 4 . We stress that background galaxies are not expected to be well-described by King models, and therefore the best-fit parameters presented in Table 4 are useful only for the purposes just mentioned. Additionally, note that the uncertainties in the photometric and structural parameters are calculated under the assumption that the objects can be described by King models and thus are not presented for objects in the contaminants catalogs where this assumption has no grounds.
The first column is the galaxy ID in the VCC (Binggeli et al. 1985 ; see Table 1 in Côté et al. 2004 for NGC and Messier equivalents). Columns 3 and 4 give the total King model magnitude and the total magnitude inferred from a 0. 2 aperture for the z 850 band. Columns 5 and 6 give the corresponding quantities for the g 475 band. Columns 7 and 8 give the best-fit half-light radii of the PSF-convolved King (1966) models in arcseconds for the z 850 and g 475 bands, respectively. In order to convert the half-light radii to a linear distance, the SBF distances to our galaxies presented in Mei et al. (2007) can be used. Finally, Column 9 gives the value of p GC for each source.
SUMMARY
We have presented the selection procedure for GC candidates in the ACS Virgo Cluster Survey, a survey of 100 galaxies in the Virgo cluster of galaxies. This procedure is based on model clustering methods which we briefly describe in the context of our survey.
We have additionally presented the determination of the aperture corrections for our GC candidates. Finally, we present the results of our photometric and structural parameter measurement for 20,375 objects which satisfy the rough selection criteria presented in Paper II in these series. This full source catalog contains 12,763 bona fide GC candidates which have a probability p GC > 0.5 of being a GC according to our selection procedure. Additionally, we present catalogs of the contaminants expected to remain in such samples as deduced from observations of 17 control fields. These catalogs are presented as machine readable tables available for download from the electronic edition of the Astrophysical Journal. They are also available for download at the project's Web site http://www1.cadc.hia.nrc.gc.ca/community/ACSVCS/.
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